Polyamine oxidase was purified to homogeneity from leaves of water hyacinth by the criterion of sodium dodecyl sulfate gel electrophoresis (SDS disc PAGE). The enzyme showed a high specificity for spermidine and spermine (K. values 28 micromolar and 20 micromolar, respectively). The optimal pH of the enzyme for both spermidine and spermine was 6.5. The molecular weight of the enzyme estimated by Sephadex G-200 gel filtration was 87,000, while SDS disc PAGE pve a single band at the molecular weight of 60,000. Octamethylenediamine and quinacrine were strong inhibitors of the enzyme, but p-chloromercuribenzoate was without effect. A prosthetic group in the enzyme was identified as flavin adenine dinucleotide.
sterilized with 0.1% sodium hypochlorite for 10 min and washed thoroughly with deionized water.
Preparation of Octamethylenediamine-Sepharose 4B. Octamethylenediamine was linked to CNBr-activated Sepharose 4B as described by Okada et al. (12) .
Enzyme Assay. Enzyme activity was assayed by measuring colorimetrically A-pyrroline, a product of the oxidation of spermidine, with o-aminobenzaldehyde as described earlier (19) . The reaction mixture (3 ml), consisting of 150 ,umol K-phosphate (pH 6.5), 15 ,mol spermidine 3 HCI, 0.2 ml 0.2% o-aminobenzaldehyde (in ethanol), 250 ug beef liver crystalline catalase, and enzyme, was incubated at 300 C. The reaction was initiated by adding the enzyme and terminated by the addition of 0.2 ml 50% TCA. After centrifugation, the A at 435 nm was estimated. This method was used for the determination of the subcellular distribution, the purification, and the thermal stability of the enzyme. As an alternative assay, the enzyme activity was determined using a Clark oxygen electrode at 30°C. In this case, the reaction mixture (2 ml) contained 100 jAmol K-phosphate (pH 'Abbreviations: PAO, polyamine oxidase; FAD, flavin adenine dinucleotide; FMN, flavin mononucleotide. 6.5), 10 ,umol substrate, 250 ,ug beef liver crystalline catalase, and enzyme.
One unit is defined as the amount of enzyme producing 1 jimol A-pyrroline or 0.5 Amol 02 uptake per min. Protein was determined by the procedure of Lowry et al. (9) , using BSA as a standard.
Subcellular Distribution. Leaves (30 g) of water hyacinth were homogenized in a chilled mortar with 60 ml of 50 mM Tris HCI buffer (pH 7) containing 0.45 M sucrose and 3 g of polyvinylpolypyrrolidone. The homogenate was passed through cheesecloth and then subjected to differential centrifugation.
Purification of the Enzyme. Leaves of water hyacinth were ground in a Waring blender with cold acetone by the method of Nason (1 1). The acetone powder (10 g) was homogenized in a Waring blender with 500 ml of 0.2 M K-phosphate (pH 7). The homogenate was filtered through cheesecloth and clarified by centrifugation (25,000g, 15 min). The supernatant was brought to 70% saturation with (NH4)2SO4. After centrifugation (25,000g, 15 min), the precipitate was dissolved with 50 ml of 50 mM Kphosphate (pH 7) containing 0.5 M NaCl and then dialyzed twice against 1 L of the same buffer. After centrifugation (25,000g, 15 min), the supernatant was applied to a DEAE-Sephacel column (2.2 x 15 cm) equilibrated with 50 mm K-phosphate (pH 7) containing 0.5 M NaCl. The enzyme was eluted with the same buffer. Flow rate was 2 ml per min. Active fractions were collected and dialyzed against 11 of 50 mm K-phosphate (pH 6.5) containing 1 M NaCl and 20% glycerol. After centrifugation (25,000g, 15 min), the supernatant was applied to an octamethylenediamine-Sepharose 4B column (1.6 x 10 cm) equilibrated with 50 mm K-phosphate (pH 6.5) containing 1 M NaCl and 20% glycerol. The column was washed with 400 ml of the same buffer and then the enzyme was eluted with the same buffer containing 10 mM spermidine 3 HCI (Fig. 1 ). Flow rate was 1 ml per min. Active fractions were collected and dialyzed four times against 1 L of 10 mM K-phosphate (pH 6.5). After centrifugation (25,000g, 15 min), the supernatant was concentrated in a collodion bag (Sartorius membrane filter SM 13200) and used as the enzyme solution.
Determination of Molecular Weight. The mol wt of the enzyme was determined by gel filtration using according to the procedure of Andrews (1). Electrophoresis. SDS disc PAGE was performed as described by Weber and Osborn (22) . Purified enzyme was previously treated with 1% SDS and 2-mercaptoethanol at 1000 C for 10 min. The treated enzyme was applied to 5 and 10% gels, and electrophoresis was conducted at 7 mamp per gel. Malachite green was used as a tracking dye. Gels were stained with Coomassie brilliant blue.
Resolution of the Enzyme. Apoenzyme was prepared by a modification of the method of Tabor and Kellogg (21) . To 1 ml of the enzyme solution (containing 0.1 mg protein per ml) was added BSA (1 mg) and then added 1 ml of 3 M KBr. To this was added 2 ml of saturated ammonium sulfate, adjusted to pH 2.5 with 1 N H2SO4. After centrifugation (lO,000g, 5 min), the precipitate was dissolved with 1 ml of 10 mM K-phosphate (pH 6.5) and used as the apoenzyme.
Absorption Spectra and FAD Determination. Absorption of the enzyme was measured in a Jasco UVIDEC-505 spectrophotometer. A chromophore of the enzyme was extracted according to the procedure of Crammer (3) and identified as FAD by cellulose TLC. The FAD content of the chromophore extract was determined according to the method of Yagi (23) using a Shimadzu RF-540 spectrofluorophotometer.
RESULTS AND DISCUSSION Subcellular Distribution of the Enzyme. As shown in Table I (Fig. 1) . The specific activity of the PAO was 35.9 units/mg protein, while those of PAOs from oats (17) and corn (20) (Fig.  3) .
Kinetic Properties. The optimal pH of the PAO for both spermidine and spermine was 6.5, but the PAO had 1.4 times higher activity with spermidine than spermine (Fig. 2) . No activity was detected with putrescine, cadaverine, n-butylamine, dopamine, tryptamine, and benzylamine as substrates at pH 6.5.
The Km, values for spermidine and spermine calculated from double reciprocal plots were 28 jAm and 20 gm, respectively. Product inhibition was observed in the experiments with spermmne as a substrate. Hydrogen peroxide formation equal to 02 uptake during the oxidation of spermidine and spermine in the absence of catalase was detected by the method (guaiacol test) of Chance and Maehly (2). The PAO lost 53% of the activity on exposure at 50' C for 10 min. The PAO in 10 mm K-phosphate (pH 6.5) was stable for a month at 4' C without any loss of activity.
Molecular Weight and Quaternary Structure. The mol wt of the PAO estimated from gel filtration by Sephadex G-200 was 87,000. By comparison, the mol wt of PAOs from oats (16) , barley (16) , millet (6) , corn (20) estimated gel filtration were 85,000, 85,000, 80,000, and 65,000, respectively. On the other hand, SDS disc PAGE of the PAO yielded a single band (Fig. 3) and the mol wt of the native PAO and the PAO treated with 1% SDS and 2-mercaptoethanol at 100' C for 10 min was determined to be 83,000 and 60,000, respectively (Fig. 4) (15, 20) . Carbonyl reagents: hydrazine, phenylhydrazine, and hydroxylamine (each 1 mM) and metal chelators: o-phenanthroline, diethyldithiocarbamate (each 1 mM), EDTA (10 mM), and cuprizone (0.1 mM) had no effect on the PAO activity.
On the other hand, the PAO activity was inhibited 71% by octamethylenediamine (0.5 mM). Kinetic analysis indicated that octamethylenediamine was a competitive inhibitor of the PAO with a Ki of 7 usM. In addition, the PAO activity was inhibited 58% by quinacrine (0.5 mM), as reported for other PAOs (10, 20) .
Identification of Prosthetic Group. As shown in Table III , the apoenzyme obtained with acidic ammonium sulfate treatment was partially reactivated by the addition of FAD (0.2 mM), but not FMN or riboflavin (each 0.2 mM) though the native PAO was inhibited slightly by adding FAD (0.2 mM). However, the absorption spectrum of the PAO showed a major peak only at 275 nm though the concentrated PAO was yellow-brown.
A chromophore of the PAO was extracted according to the procedure of Crammer (3) and identified as FAD by cellulose TLC with two solvent systems (n-butanol:acetic acid:water = 4:5:1, upper phase and 10% Na2HPO4 12 H20). The FAD content determined fluorometrically (22) was 0.22 mol per 60,000g of the enzyme. The unexpected value might result from insufficient resolution of the PAO due to strong attachment of FAD or some impurity in the PAO, because additional evidence of the presence of FAD was not obtained from the absorption spectrum of the PAO as described above. Similar results have been obtained with PAO from rat liver (7) . Thus, the PAO from water hyacinth, like other PAOs (10, 20) , appears to be a flavoprotein with FAD. Spermidine dehydrogenase from Serratia maecescens (21) contained both FAD and heme, but no evidence of the presence of heme in the PAO from water hyacinth was found.
